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1. Providing the international community with more diversified and complete data
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the economic and social development of all peoples;

2. Promoting informed participation by all States in disarmament efforts;

3. Assisting ongoing negotiations in disarmament and continuing efforts to ensure
greater international security at a progressively lower level of armaments,
particularly nuclear armaments, by means of objective and factual studies and
analyses;

4, Carrying out more in-depth, forward-looking, and long-term research on
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stimulating new initiatives for new negotiations.
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Preface

The rapidly growing convergence of views on the value and methodology of
verification of disarmament and arms limitation agreements has been a significant
development in recent years. It has justified the importance UNIDIR has attached to
its programme of verification research. A number of research reports and papers have
already been published and in March 1990 the UNIDIR Newsletter had a special focus
on the issue of verification.

In 1991 UNIDIR published through Dartmouth Publishing Company Verification
of Current Disarmament and Arms Limitation Agreements - Ways, Means and
Practices edited by Serge Sur. It contained detailed examinations of the verification
procedures and practices of existing arms limitation and disarmament agreements. On
the basis of this acquired experience it is logical, in addition to analysing more recent
agreements like START and CFE, to discuss the likely verification scenarios in
disarmament agreements now under negotiation or likely to be negotiated in the future.
The various authors of this publication have examined the verification of different
categories of weapons limitation in the broader context of the vastly changed
international situation, the rapid pace of technological change and the new trends in
verification.

The research project which led to this publication was co-ordinated by Professor
Serge Sur, Deputy Director of UNIDIR, who has also edited this research report. The
group of experts held two meetings during the period 1990-91 in Montreal and in Kiev.
I would like to thank the relevant authorities for hosting these meetings. My thanks are
due to all the authors of the book. I must also express my appreciation to Pamela
Thompson and Brent Schindele who reviewed the English text and to Anita Blétry who
prepared the manuscript for publication.

The views expressed by the authors of this publication are their own and not
necessarily those of UNIDIR. Nevertheless UNIDIR commends this report to the
attention of its readers. '

Jayantha Dhanapala
Director
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Editor’s Note

The following texts were, for the most part, written in 1991, during an era that saw the
dismembering of the USSR, the independence of its numerous republics, and the
fledgling attempts to create a "Community of Independent States” (CIS). -
appearance of new actors in Europe, their positions concerning disarmament and arms
limitation negotiations, their legal status with respect to existing treaties - all this goes
to emphasize the numerous problems that have still received only partial solutions.
The reconstruction of a stable order of relations between European nations, old and
new, will take time and promises to pose all kinds of unforeseen problems - problems
whose solutions are at present impossible to envision. -
After serious consideration, it seemed pointless to attempt to "update” these texts
in order to bring them in line with the current situation. On one hand, the current
endeavor is not styled after a series of newspaper articles, subject to the ever-changing
flow of events. Rather, it addresses issues that are more permanent in nature, putting
them into perspective within a broader period of time. On the other hand, such an
updating process carries the strong risk of becoming an impossible task - even the time
lapse between the texts’ final editing and subsequent publication may make the new
texts obsolete. Meanwhile, the fact that various authors have contributed to this
publication would create the risk for contradictory time frames, jeopardizing the
continuity of the book as a whole. This is particularly applicable in the case of the
START and CFE agreements and negotiations. History marches on with the rapid gait
of Achilles, while scholars can only follow it with the pace and prudence of a tortoise.
It therefore seemed to us that, despite the profound changes taking place within the
international arena, the original text of the present research project would maintain its
validity and interest - not only in terms of the present or the recent past, but for the
future as well. The project examines certain aspects of verification in considerable
depth, and its approach remains valid, largely because the actors are still confronted
with the same fundamental problems and ihe same range of solutions. :
Verification is one of the most important elements of the disarmament and arms
limitation effort. The manner in which it has evolved, been enriched and developed,
is certainly dependent on the development of international relations and the attitudes
of the principal players. Meanwhile, verification procedures have become a sort of
obligatory part of any disarmament negotiation or agreement, and their importance and
prevalence has steadily increased. Likewise, in the framework of current negotiations,
verification still occupies a central position. Proposals in the field of verification do
not always meet with immediate success But'they are bound to be taken up agam
they constitute an "intellectual réservoir”, in which interest does not fade. :
It is for these reasons that we now place this research report in the hands of the
reader, leavmg h1m to Judge its merit for hlmself

Geneva, March 1992
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Introduction’

Serge Sur

The classic problems of verification are well known. The primary concern is that of
its definition. There is no general, official and universally-accepted formula. It is
widely agreed, however, that the verification process includes the following
components:

1. The existence of an obligation, the fulfilment and observance of which must be
verified;

2. The gathering of information relating to the fulﬁlment of the obligation;

3. The analysis, interpretation and evaluation of the information from a technical,
juridical and political viewpoint; |

4. The assessment concerning observance or non-observance of the obligation, which
concludes the actual verification exercise. While the problem of appropriate reactions
to the possible violation of an obligation appears to be a logical consequence of this
exercise, it is not in itself an integral part of verification.

Although it can be organized differently by each particular treaty, verification shows
an unquestionable unity. Even if the solutions provided are different, verification poses
certain common problems. UNIDIR, in an earlier research report, produced a detailed
analys1s of those problems by studying verification under the various treaties currently
in force.2 That research has provided a basis for the present study, which focuses on
the most recent agreements that could not be taken into account in the previous study,
as well as ongoing negotiations and prm01pa1 proposals made in conjunction with them.
In this respect, this study examines the major instruments or negotiations which form
a new phase in disarmament and arms limitation and which are linked to the evolution
of the international situation and its characteristic underlying political and strategic
changes.

Without entering into a detailed analysis of the changes, it may be noted that the
traditional agreements, both bilateral and multilateral, are based on a predominantly
military and strategic approach which is geared towards maintaining and stabilizing
established balances. The new international situation has increased thc disarmament
options and has currently given rise to particular interest in unilateral measures.? It
also places disarmament in a broader concept of security, a concept in which political
aspects are dominant and in which the economic dimension receives similar increased

! The first part is written by Professor Serge Sur and the second by Alan Crawford.

¥ Serge Sur (ed.), Verification of Current Disarmament and Arms Lzmztatzon Agreements Ways, Means
and Practices, Aldershot, Dartmouth, 1991.

* Serge Sur (ed.), Unilateral Measures and Policies of States in the Field of Dzsarmament and the Limitation
of Armaments, UNIDIR Symposium, 1992 (forthconuug). Contains inter alia the proceedmgs of a symposium
organized by UNIDIR on this issue held in Paris on 24 January 1992.
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2 Verification of Disarmament or Limitation of Armaments

attention. In this context, disarmament becomes an instrument and an illustration of the
changes. It actively balances power configurations and is no longer just a sign of their
stabilization.

Lastly, from a more technical point of view. the new nature and risks of the arms
race, which are linked to the proliferation and development of armament technologies
including dual-use technologies, raise new difficulties. It is therefore important to
examine the totality of an armaments lifecycle - from research and development of
weaponry to their withdrawal or destruction.

New Trénds in Verification

In so far as it is'poséible to identify an underlying trend at this stage, the verification
process appears to be undergoing a twofold evolution. On the one hand, it is
fragmenting and, on the other, it is widening.

Fragmentation

Fragmentation is first of all the as a result of the increasing autonomy of the dtfferent
phases that constitute the verification process.

The first phase of verification concerns data collection. This phase may itself be
broken down into several components. Thus, basic data relating to the subject of the
negotiations - quantity, location, nature of weapons, production or stockpiling facilities
- may be provided before a treaty is concluded by the concerned parties. This
information constitutes both a confidence-building measure and a phase in the
verification process. Moreover, procedures and methods of collecting data may be

“tested in advance, on a voluntary basis, in order to determine and improve their
effectiveness. Once the agreement has been concluded, the data gathered may be
subject to ‘confirmation procedures, to determine their accuracy. On this basis, the
comprehensiveness and consistency of data may be subject to an overall assessment,
which will condition the appraisal made of the implementation of the treaty.

The same process of fragmentation occurs in the core of the verification process,
the analysis of data in order to determine compliance with obligations. This analysis
involves a technical interpretation of the data gathered in other words, their translation
from raw data into operational conclusions. it then invoives, either as a subsequent
stage or a parallel process, the analysis of the specific obligations of the parties, not
so much in abstract terms as with respect to the actual situations on which the gathered
data are based. Lastly, in case of doubtful or ambiguous activities, the analysis
involves a strategic and political judgement concerning the nature and extent of a
possible breach, so as to initiate appropriate reactions, a request for clarification, for
rectification, consultations, etc.

Moreover, there is a tendency towards differential organization of each phase

While one should avoid overgeneralizing, the following comments may safely be
made:
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1. The initial provision of data is the responsibility of each State concerned, and
usually involves an exchange of data. It may, however, involve some participation by
international organizations. In this context, the idea of establishing a database within
the purview of the United Nations should be noted;

2. There may be an established procedure for monitoring the data, possibly with
on-site inspection measures, carried out by the parties on the basis of an international
instrument;

3. Provision may also be made in the course of treaty implementation for a
mechanism for on-site inspections, either at random, or in case of questionable
activities. In this context, an international organization may, on occasion, intervene in
order to establish the facts, as in the case of investigations into the alleged use of
chemical or biological weapons;

4. The technical analysis of the data collected is usually the responsibility of each
State party; it may be simplified by cooperation among the parties in an ad hoc or
pre-established context, by international assistance, or by an autonomous international
mechanism, although this latter eventuality continues to be an exception;

5. Possible publication and dissemination of the data continue to be at the discretion
of the parties concerned;

6. The verdict on the data is, in principle, the responsibility of each of the parties
concerned; however, it may involve an international dimension, in particular through
the machinery of advisory commissions among the parties, or through a genuine
collective procedure;

7. An assessment of the seriousness of a possible breach is made in the same way,
although its nature is more directly political. What must be assessed are the
implications of the breach for the security of the States concerned;

8. In any case, the powers of the UN Security Council - which may intervene on the
basis of the Charter, independently of specific treaties assigning it a role in the
verification process - must be held in reserve. The Council may carry out its own

investigations, and make its own assessments, as it did, for example, when chemical

weapons were used in the conflict between Irag and Iran;

9, Issues relating to the Gulf War, and the disarmament measures adopted by the
Security Council in resolution 687 (1991) which involve international control, raise
problems of a different kind, namely, the consequences and settlement of an
international conflict, rather than the verification of certain treaties. The obligations
verified are those resulting from the resolution and not directly from the treaties to
which it refers. Certain obligations - for example, those relating to the destruction of
missiles - do not fall under the aegis of any specific treaty.

These components, and the tendency to provide verification mechanisms by subsequent
instruments, are in fact not new. They were present, in a more-or-less apparent or
developed form, in the conventional verification process. However, the current trend
is towards a more precise identification and a more detailed and independent regulation
of the various phases, using a more analytical approach. This aspect of the
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fragmentation process has positive implications for the phases that are concerned with
the collection and analysis of data. The stages concerning the evaluation and
assessment of data are less developed and more vague; this means that they are largely
left to the individual responsibility of each concerned party.

“The verification process is also fragmented on account of the emergence of new
kinds of obligations and prohibitions.

The fragmentation process is not, then, a product of its own momentum, but of the
requirements of new regulations, the development of which this momentum makes
possible. The point at issue concerns not only efforts toward banning the testing,
deployment or use of certain kinds of weapons or means of delivery, but also the
destruction of certain kinds of weapons to achieve their reduction or even total
elimination, and the limitation and control of their transfer. In addition, it concerns
obligations to refrain from produciion, something particuiarly difficult to verify if the
obligations overlap with civilian scientific and industrial activities, as in the case of
chemical and biological weapons. It may even be possible to consider a number of
constraints that would affect research and development.

These new kinds of obligations, and more precisely the complex objects to which
they apply, raise new problems as far as their verification is concerned. It is
interesting to note that some questions have been raised from various sectors as to the
actual effectiveness of on-site inspection - which is sometimes presented as a panacea -
despite the spectacular breakthroughs resulting from such inspection in recent years.
The emphasis will henceforth be placed on greater reliance on confidence-building
measures, and in particular on all such measures that make for increased transparency
of sensitive activities. = The purpose of such measures is primarily to give mere
efficiency to the obligations, to make them more precise, and thus easier to verify.

- Such confidence-building measures, which may be autonomous, at the same time
represent an initial phase in the provision of the data required for verification, and thus
concern the fulfilment of commitments as much as their verification. Subsequently,
they lead to the integration of the overall process into a more extensive and diffuse
whole, which may entail a relative loss of identity for verification.

Broader Concept of Verification

There is a tendency for the verification process to become looser, in that its overall
autonomy may well be dissolved in a broader concept, which could be called a
confidence-building process. This process obviously incorporates confidence-building
measures, which nowadays receive considerable attention and are very popular with
specialists. However, it also includes other components which fall, at least in part,
within the sphere of verification in the conventional meaning of the word. The "Open
Skies" negotiations are a good example. On the one hand, they qualify as
confidence-building measures, while on the other hand, they also make it possible to
simplify the verification of the various treaties on a multilateral basis without their
being revised.
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The overall characteristic of such a process is a pronounced tendency to extend
cooperative measures leading, if not to common management, at least to continuing
contacts and consultations in the implementation of treaties. It is no doubt premature
to raise the issue of cooperative security, which would be integrated in a renewed,
more comprehensive and broadly preventive collective security organization. However,
such mechanisms involve, for example, implementation in anticipation of treaties
(through unilateral reductions), reciprocal unilateral measures (trial inspections), partial
agreements (e.g. the bilateral Agreement between the United States and the USSR for
the destruction of chemical weapon stocks) occurring in the context of ongoing
negotiations in order to facilitate their conclusion, the existence of conflict prevention
centres, and so forth.

Another issue in this context is raised by the development of unilateral measures,
which by nature do not imply a previously-agreed-upon process of verification.
However, they can be included in the process of negotiation, or can be substituted for
a formal negotiation, based on reciprocal expectations. Confidence-building measures
can complement them and make way for improved cooperation, playing a role
comparable to that of verification.

Might this extension not lead to a kind of dissolution of the identity and unity of
the verification process, resulting in a vague or loose definition? The advantage of
enhancing security mechanisms by preventive and cooperative measures could then be
offset by a lowering of the requirements, on behalf of more harmonious overall
political cooperation and presumed confidence based on a number of prior
demonstrations. An indication is provided by the doubts expressed in various quarters
regarding the value of on-site verification, as noted earlier. Another indication is the
scant importance attached to the unequal technical resources available to States in order
to carry out their own data collection and analysis. This leads to verification having
a deeply unequal dimension in the context of ostensibly egalitarian multilateral treaties.
Would the "Open Skies" proposal be able to efficiently resolve such inequalities?
Aerial means are in fact less discriminatory than, for instance, surveillance through
satellites. This does not provide, of course, a complete solution. The only way of
narrowing the gap, so to speak, would be to develop cooperation among parties - in
the absence of genuine international verification - the results (if not means) of which
should be accessible without discrimination. However, such cooperation also implies
reciprocal arrangements and cannot be based merely on the transfer of technology.

In light of the current situation, and in anticipation of future developments, it is
the whole armament cycle leading from research and development to testing,
production, deployment, stockpiling, possible use, transfer, reduction and destruction
of weapons which has to be considered in its entirety when examining the verification
process and the collateral measures it requires.
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The Armaments Lifecycle and Verification
Alan Crawford

The ability to collect relevant information concerning obligations under an arms
limitation and disarmament agreement is indispensable to the verification process and
underpins judgements about compliance. This ability may in large measure be a
function of what can be observed from a distance about the armaments subject to
limitation.

What can be observed may vary with the stage of the armaments "lifecycle” to
which the agreement applies because different stages of this lifecycle will provide
different "observables" for verification. This may have a profound effect on the degree
to which different verification methodologies and strategies are applicable. For
example, the observables associated with verifying limitations on the production of a
certain weapon, such as a tank, may dictate the use of a certain range of verification
methods involving relatively proximate monitoring of production facilities (eg.
perimeter/portal monitoring, periodic on-site inspections, etc.). Verifying limitations
on deployment of the same weapon may involve different observables making other
verification methods more useful (eg. national technical means (NTM), aerial
inspections, etc.). '

This is not to suggest that different verification methods and strategies are
necessarily exclusively linked to specific stages of the armaments lifecycle. On the
contrary, many verification methods may have relevance to a variety of stages.
However, the degree of usefulness of any verification method with respect to verifying
arms limitations as well as the appropriate mix of methodologies will be in part a
function of the stage in a weapon’s lifecycle.

It is also likely that, for arms control verification purposes, the importance of
various lifecycle stages will differ considerably between weapons. Explosive testing
of nuclear weapons, for example, may be relatively more susceptible to monitoring
than other stages in that weapon’s lifecycle. In contrast, testing a tank may be less
easily monitored than its production or deployment. It has been suggested that a
thorough examination of a weapon’s lifecycle may permit certain critical bottleneck’s
or "choke-points" to be identified upon which verification efforts could be most
productively focused. "The result could be a more cost-effective verification system

with a higher degree of reliability".*

An Armament’s Lifecycle

The process of acquiring a weapon or military capability can be viewed as a sequence
of events similar to many industrial processes. It is thus possible to conceive of

¢ Dr. Artur Knoth, "Implementing Treaty Requirements: Key Aspects of Verification", International Defense
Review, No. 4, 1991, p. 340.
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several generic stages in the life of any particular armament.” The genesis of this
sequence or "lifecycle” is research into the basic principles associated with the weapon.
The next step might be applied research in which these basic principles are translated
into viable technical and enginecring specificaiions for the weapon in question. This
stage merges into the development of the weapon. Testing of components and the
entire system are a major characteristic of this research and development phase in an
armament’s lifecycle.

Production of the weapon is the next step, followed by deployment into military
units. Weapons may also be placed in storage or exported to other countries. Changes
may be made to the weapon throughout its life to improve performance. Finally, it is
possible to conceive of a weapon ending its lifecycle by being destroyed as obsolete.

Of course, this lifecycle model represents a simplification of reality. It may have
little relevance to many countries which do not produce or conduct research into
armaments, but instead merely purchase them from abroad. In addition, the end of a
weapon’s life may be much less clearcut than suggested above. Weapons can, for
example, be destroyed in battle or, if they become obsolescent for one country’s
armed forces, they may simply be exported to another country. Moreover, the lifecycle
model may have limited application to some arms control and disarmament measures,
for example, reduction in manpower levels or military budgets.

Despite the limitations of the lifecycle model, however, it does seem to provide
a useful vehicle for describing and analyzing the general verification requirements of
the arms control process.

Research and Development (R&D)

The initial phase of the armament lifecycle may often occur in laboratories or
similar R&D facilities. Because the observables in this stage may be limited to what
happens inside those facilities, very intrusive verification methods may be required to
monitor compliance with agreements limiting R&D. Moreover, because much
research, especially basic research, may have a variety of general applications that are
both civilian and military (as well as a multitude of different applications within each
sphere), intrusive verification could easily involve the collection of collateral
information unrelated to the verification of the agreement in question. Thus major
concerns about how to protect non-verification related commercial and national secrets
arise. Other verification methods, such as monitoring scientific literature, may also be
less effective than more intrusive methods such as inspections of labs, because they are
dependent on the publication of research results, which can be controlled.

It has been suggested that a complete ban on a particular weapon rather than
partial controls could make verifying R&D easier. The reasoning is that a complete
ban means that there is no longer any rationale for continuing R&D with respect to the

5 Sce for example J. Kruzel, "From Rush-Bagot to START: The Lessons of Arms Control", Orbis, Spring
1986, p. 197. Kruzel suggests that arms control agreements are most likely to focus on limitations just after
completion of the research phase before major funding for production is approved, or when the system is fully
deployed. It is arguable that facility of verification may be one reason for such a pattern.
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proscribed weapon and, consequently, there should be no reason to withhold
information concerning related R&D. Complete transparency should be achievable
according to this line of thinking.

There are, however, other concerns which might inhibit such total openness.
Countries might wish to continue research into defences against a banned weapon,
which they may not wish to divulge for fear of encouraging illicit proliferation of the
banned weapon or compromising their defence efforts. Biological weapons defensive
R&D is a case in point. Another serious impediment is the fact that the results of
R&D activities can often have multiple applications. While such results might be
applicable to the proscribed weapons, they might also be applicable to non-proscribed
weapons or to civilian (commercial) uses.

In sum, the nature of the verification task relating to R&D limitations poses
substantial challenges. Because R&D may be conducted at sites that could be
relatively easily hidden, effective verification may have to be very comprehensive,
possibly with rights to look at a variety of locations on request and without refusal.
In addition, it may prove necessary for effective verification to have the right to check
regularly large numbers of facilities, with the resultant inconvenience to the inspected
party and the attendant risk of divulging collateral information. For these and other
reasons, it is sometimes suggested that R&D limits are for practical purposes
unverifiable.

Because of the difficulties of verifying controls on R&D, considerable attention
has focused on the use of a variety of confidence building measures (CBMs) to
heighten transparency about military R&D activities. Such CBMs might include
reciprocal visits to military laboratories, exchanges of scientific perscrnel, seminars and
conferences, etc. i

Among the potential observables for R&D verification are the following:

. laboratory equipment,

. prototypes, models, etc.,

. building/facility configurations, including special safety equipment,
. associated facilities,

. inputs/consumables (eg. electric power),

. environmental effects (eg. waste products, heat),

. personnel employed (eg. professional skills, records),

J scientific literature produced, and

. management information (budget, organization plan).

Testing

The aspect of the R&D process that is ofici most susceptible to monitoring
especially from a distance, is testing, particularly field testing of armaments or their
components. In this case, a variety of other verification methods and strategies, most
notably NTM, can come into play to reduce the intrusiveness of the verification regime
as well as make the task more manageable. As is the case with respect to many other
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stages of an armament’s lifecycle, the physical size or distinctiveness of the weapon
and the way in which it is tested will have an important impact on its observability.
Testing a new ICBM, for example, will likely be much more observable using NTM
than testing a new cruise missile.

Of course, NTM are not all-powerful and, in particular, can not monitor all
potentially interesting sites, at all times. Accordingly, additional cooperative
procedures such as notifications which enhance the predictability of the testing will
improve the effectiveness of verification, by allowing monitoring methods to be
focused on the test. This point regarding enhancing the predictability of activities
applies to other stages of an armament’s lifecycle.

Many of the same potential observables that apply to R&D, may also apply to
testing. Others include:

. special environmental effects such as destructive effects (eg. craters), transit
of weapon through the atmosphere,

. telemetry, _

. field organization for the test, and

. specialized facilities (eg. launch sites).

Production : |

The nature of the production requirements will vary substantially between types
of weapons. What is needed to produce tanks differs considerably from that for
chemical weapons and this in turn differs considerably from that for nuclear weapons.

Without production there can be no weapon. This is the one phase that is least
easy to circumvent: testing may be curtailed and weapons may be clandestinely stored
instead of deployed immediately, but production can not be bypassed.

Nevertheless, many production activities occur inside buildings which are less
susceptible to direct observation by NTM or other non-intrusive methods. Production
processes may also be disguised to further complicate monitoring.

Inputs into the production process as well as its outputs (ie. wastes, etc.) can
provide clues as to what is being produced and in what quantities. The final product
(ie. the weapons themselves) must be moved from the production facility and/or stored
nearby. While this may be done under cover (eg. shrouds, darkness, etc.), any activity
outside of buildings is theoretically more easily monitored from a distance. Even so,
it is impossible to watch all the time, making the use of remote sensors to monitor
production accurately somewhat problematical.

This limitation on the utility of remote sensors has lead the superpowers in the
bilateral context (INF and START) to employ perimeter/portal monitoring systems
(PPMS). These systems employ humans as well as relatively short-range sensors to
monitor that no illicit armament leaves a known production facility. While effective,
PPMS have tended to be costly to install and maintain; though simpler (and cheaper)
versions may be feasible.
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Among the observables that could be the focus of verification in the production
stage are the following:

. nature and quantity of inputs into the facility (cg. raw materials, power),
. building/facility configurations,

. environmental effects (eg. emissions, wastes),

. associated facilities (eg. testing ranges, storage parks),

. number and types of employees, and

. outputs (ie. transport and storage of end products).

Deployment
Once weapons are deployed to field units they may be more susceptible to
monitoring from a distance in the sense that the field units will train with them in the
open. However, while it may be relatively easy to detect the deployment of a new
type of weapon, it may be much more difficult to keep an accurate account of how
many of them there are, especially when the weapons in question are small, similar to
other permitted weapons and mobile. Moreover, deliberate concealment is likely: one
of the traditional objectives of military units, even in peacetime, is to prevent
-disclosure of the exact locations and numbers of their weapons and troops. There are
valid military reasons for this, which are difficult to overcome in the arms control
verification context. For these reasons arms control agreements which limit numbers
are often more difficult to verify then agreements which ban a weapon outright. In the
latter case, detection of a single illicit weapon would constitute non-compliance.

One of the methods that has been suggested as a possible solution to this question
of monitoring numbers of deployed armaments, though it has not so far been
- implemented, is the use of tags. Unique, tamper resistant tags would be affixed in an
agreed manner to weapons, probably at the production facility. These tags would be
regularly checked, either by inspectors or remotely in the case of "active” tags. The
detection of any weapon of the proscribed category without a tag would constitute a
violation. While tagging seems to offer a viable verification method, it is likely to be

administratively complex to implement as well as costly.®
Another more traditional approach to verifying numbers of deployed weapons is
through on-site inspection (OSI) of military units. This is a principal method that has
been adopted by the CFE Treaty. There are a host of variations on the theme of OSI:
regular inspections, challenge inspections, random inspections, etc. On-site inspectors
can be located in a country on a temporary basis (ie. only during an inspection) or they

¢ For further information concerning the arms control applications of tags, see: Donald Bauder, "Tagging:
'Fingerprints' and Electronic Labelling for Arms Control”, Physics Today, Vol. 18, No. 4, October 1989; A.
DeVolpi, “Status of Tags and Seals for Arms Control Verification", in Verification Report 1991: Yearbook on
Arms Control and Environmental Agreements, edited by J.B. Poole, New York, Apex Press, 1991, pp. 131-138;
and, Steve Feuler and Thomas Garwin, "Tags”, in Verification of Conventional Arms Control in. Europe:
Technological Constraints and Opportunities, edited by Richard Kokoski and Sergey Koulik, Boulder, Colo.,
Westview Press, 1990, pp. 139-154.
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might be stationed in a country on a more permanent basis. The Military Liaison
Missions of the USA, UK, France and the USSR which operated in Germany following
the Second World War could serve in some ways as a model for permanent OSI teams.
OS], of course, is a method that is applicable to the verification of other stages of the
weapons lifecycle as well.

Among the observables in the deployment stage are the following:

. unique characteristics of the armaments themselves,

. activities in which they are used, especially training,

. the patterns in which they are regularly deployed,

. associated facilities (eg. maintenance depots, training facilities),

. unit organizaiion,

. specialized support equipment or methods (eg. specialized fuelling or
transport equipment), and

. unusual and unique environmental effects.

Storage

Certain types of weapons may be stored in quantity rather than deployed with
active military units. The nature of the storage facility, especially whether the
armaments are under cover, will greatly effect the utility of various verification
methods. PPMS may have a role to play in verifying storage of weapons. Most of the
observables associated with the production stage may also apply (mutatis mutandis) in
the case of storage.

Transfers _ _
The transfer of a weapon from one geographic point to another is an almost

inevitable component of its lifecycle.

A variety of transfers can be envisaged. Internal transfers within a country between

~military facilities may be quite frequent. Because such internal transfers are subject

to the control of the country being monitored, it may be difficult to verify such
movements without complex and intrusive measures. S

Another type of transfers are international ones. Such transfers, for example,
could involve movements of armaments to a country’s foreign bases on the territory
of an ally. Because an international movement is involved, and possibly longer
distances, verification might be somewhat easier, particularly if a limited and known
number of transfer "chokepoints" are used. |

A final type of transfer is the export of armaments to another country. This will
be discussed below under the section dealing with "Withdrawal or Destruction”.

Detecting and tracking transfers, especially if the movements occur within a single
country and are stretched over an extended period cf time, may be problematic using
NTM. A potentially useful verification method to supplement NTM in monitoring
movements is the entry/exit point (EEP). EEPs, like PPMS, might involve both human
inspectors and sensors. EEPs would be positioned at transportation bottlenecks
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(railroad junctions, key bridges, ports, etc.) or at other points to monitor the flow of
military traffic. They might be permanent or temporary in nature. EEPs have not been
employed in any strictly arms control verification effort to date, though the use of
control posts in peacekeeping situations is very analogous. Among the observables for
transfers are the following:

. specialized transport equipment,

. unusual activities associated with transport,

. special security arrangements,

. disruption of normal (civilian) transport patterns, and

. written records including contracts, bills of lading, financial records, etc.

Withdrawal or Destruction
A weapon can leave military service in one of several basic ways:

. It can be destroyed in combat or other military operations (eg. as training
targets), by accident or under an arms control agreement;

. It can be abandoned, cannibalized or broken up for scrap;

. It can be mothballed in some sort of long-term storage facility;

. It can be transferred to non-military units (eg. internal security forces); or

. It can be exported.

Destruction pursuant to an arms control agreement is perhaps the easiest to verify in
some ways. For example, under the CFE Treaty and the INF Treaty inspectors are
permitted to witness the destruction of the weapons in question. Destruction under
- these agreements must be conducted according to explicit procedures that are designed,
in part, to facilitate the inspectors’ task. NTM can also play a role in verifying the
destruction of larger weapons. OSI in these circumstances, however, is usually less
resisted because the parties are often eager to demonstrate compliance with this aspect
of arms control agreements. Nevertheless, there may remain some concerns about
divulging technological secrets which may have to be addressed during negotiations
on the procedures for verifying destruction.

- Other types of destruction (eg. in combat and by accident) as well as abandonment
and cannibalizing may be less susceptible to direct verification. Presumably such
destruction would be notified and changes made to the inventory totals communicated
regularly under an arms control ‘agreement. Normal procedures for verifying these
inventories would, if effective, confirm that the lower reported number of weapons are
present. ' :

Mothballing of weapons might be subject to similar verification procedures as
discussed under "Storage" above, whereas exports might be amenable to the methods
discussed under "Transfers”, notably EEPs. Transfers to paramilitary units may pose
special complications for verification, particularly if the weapons in question are
similar to those operated by military forces that are subject to an arms control
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agreement. One solution to this problem is to ensure that paramilitary forces are
subject to the same arms limitation ceilings and the same verification arrangements as
are regular military forces.

Summary and Conclusion

It is possible to conceptualize a typical "lifecycle" through which any weapon will
progress from its conception to its destruction. A number of more or less distinct
stages within this lifecycle can be suggested. This model may be useful in describing
and analyzing verification requirements of arms control agreements.

Arms control agreements may apply to one or more stages of an armament’s
lifecycle. The utility of different verification methods for detecting violations may be
significantly affected by the stage of the weapons’ lifecycle that is subject to limitation.
For example, limitations on certain types of R&D may be very difficult to verify using
remote sensors because of the fact that such R&D can be relatively easily concealed.
In contrast, the deployment of armaments is likely to be much more susceptible to
monitoring from a distance.

In sum, the utility of a verification method will be in part a function of the stage
in the armaments lifecycle with which the arms limitation and disarmament agreement
is concerned.

For verification purposes, the importance of different lifecycle stages will likely
differ between weapons. It is useful therefore to analyze the unique characteristics of
each controlled armament’s lifecycle in order to identify any "choke-points" upon
which verification efforts can be concentrated for best effect.

The above analysis suggests that cooperative verification methods, such as OSI,
while helpful in verifying agreements relevant to any stage of an armament’s lifecycle,
are probably most necessary for agreements dealing with R&D, production, some
aspects of deployment, transfers and storage, and destruction. One form of cooperative
measure - the prior notification of activities - enhances predictability and permits NTM
to be focused of the event in question. This greatly improves the effectiveness of this
method of verification.




Chapter 1
Nuclear Issues

Further Limitation and Prohitibion of Nuclear Test Explosions:

The Problem of Verification
Jozef Goldblat

Introduction

The present international nuclear test limitation regime comprises the following treaties:

The 1959 Antarctic Treaty prohibiting any nuclear explosions in Antarctica;
in force since June 1961.

The 1963 Partial Test Ban Treaty (PTBT) prohibiting nuclear explosions in
the atmosphere, in outer space and under water; in force since October 1963.
The 1967 Treaty of Tlatelolco prohibiting the testing of nuclear weapons by
Latin American countries; in force since April 1968.

The 1967 Outer Space Treaty, in force since October 1967, and the 1979
Moon Agreement, in force since July 1984, both prohibiting the testing of
any type of weapon on the moon and other celestial bodies.

The 1968 Non-Proliferation Treaty prohibiting the manufacture of nuclear
weapons and, by implication, the testing of such weapons by non-nuclear
weapon States; in force since March 1970.

The 1971 Seabed Treaty prohibiting the placement on the seabed and the

- ocean floor and in the subsoil thereof, beyond the outer limit of a 12-mile

seabed zone, of any facility designed for testing nuclear weapons; in force
since May 1972.

The US-Soviet 1974 Threshold Test Ban Treaty (TTBT) restricting the
underground testing of nuclear weapons to yields not exceeding 150
kilotons'; in force since December 1990.

The US-Soviet 1976 Peaceful Nuclear Explosions Treaty (PNET) restricting
nuclear explosions conducted outside the nuclear weapon test sites (and
therefore presumed to serve non-military purposes) to yields not exceeding
150 kilotons; in force since December 1990.

The 1985 Treaty of Rarotonga prohibiting the testing of any nuclear
explosive device in the South Pacific; in force since December 1986.

! Kiloton (kt) is a unit of energy used to measure the yield of a nuclear explosion; it is equivalent to the
energy released by an explosion of 1000 tons of trinitrotoluene (TNT) high explosive. The explosion produced
by the atomic bomb dropped on Hiroshima had a yield of about 14 kilotons.

15
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The search for a permanent ban on all nuclear test explosions, which has been going
on for over 30 years, has been hampered by a controversy over whether such a ban
should be achieved through a single multilateral treaty or as a result of gradual, ever
stricter limitations on testing by the nuclear weapon powers. Whichever course is
eventually chosen, verification of compliance with the assumed obligations will be an
important ingredient of the agreement reached. ‘

Should the testing powers only decide to reduce the explosive force of their
underground nuclear explosions, and should the new yield threshold not be lower than,
say, several tens of kilotons, the existing verification procedures, those incorporated in
the 1990 Protocol to the US-Soviet TTBT, could suffice.? If the yield threshold were
drastically reduced, say, to the level of one kiloton or slightly higher, and if the
number of underground explosions, permitted but notified in advance, were also set
very low, important supplementary verification methods would have to be adopted by
the nuclear weapon powers. For a comprehensive test ban (CTB), prohibiting all tests
and valid for all States, a ramified, global verification system would have to be
installed. This paper discusses the possibilities of verifying both a CTB as well as a
very limited (in numbers) and very-low threshold test ban (VLTTB).

Under a VLTTB, the purpose of verification would be to check whether the
parties have not conducted more nuclear explosions than agreed, and whether the yields
of the permitted explosions have not exceeded the established limit. Under a CTB, any
detonation of a nuclear device would appear to violate the ban, it being widely
understood that so-called peaceful nuclear explosions are indistinguishable from
weapon explosions® and should therefore not be permitted. Nevertheless, certain
proposals for a nuclear test ban refer only to a prohibition of nuclear "weapon” tests,
and the draft comprehensive nuclear test-ban treaty introduced by Sweden at the
Conference on Disarmament on 25 July 1991* would explicitly allow detonations of
nuclear explosive devices for peaceful purposes if the parties agreed on how to control
them. Were this approach to be adopted, the procedures included in the PNET could
be of some use, but such an eventuality is not discussed here.

Compliance with a VLTTB or a CTB can be monitored by seismic and
non-seismic means, as well as through on-site inspections. It is assumed that certain
very small nuclear experiments, those that cannot be detected by any means, would not
be covered even by a comprehensive nuclear test ban.’

% For a detailed review of these procedures, see J. Goldblat, "The Nuclear Test-Limitation Treaties" in S.
Sur (cd.), Verification of Current Disarmament and Arms Limitation Agreements: ways, means and practices,
Geneva, UNIDIR, 1991.

* Effects of a Comprehensive Test Ban Treaty on US National Security Interests, Hearing before the
Commitice on Armed Scrvices, Intelligence and Military Application of Nuclear Energy Subcommittee, US
Housc, 95th Congress (US Government Printing Office: Washington, DC, 1978).

* Conference on Disarmament document CD/1089.

5 In the late 1980’s, when the United States negotiated a test ban with the Soviet Union, the prevailing
opinion within the US Administration was that nuclear experiments with a yield not exceeding 100 pounds
should be permitted under a CTB. (R. N. Thorn and D. R. Westervelt, Hydronuclear Experiments,
LA-10902-MS, UC-2, Los Alamos, New Mexico, February 1987.)
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Seismic Monitoring

The most dependable way known to- detect and identify the source of underground
seismic events is by seismological means.

Detection

When a nuclear detonation takes place underground, ground vibrations or seismic
waves are generated similar to those produced by an earthquake. Different seismic
waves travel on different paths, at different speeds, have different frequencies and
wavelengths, and are absorbed and scattered with different strengths. They can be
detected by seismometers, instruments which respond to extremely small displacements
of the Earth at their point of location.® "Body" waves that pass through the Earth’s
deep interior and "surface” waves that propagate close to the Earth’s surface can be
recorded at large distances - over 2,000 kilometres - and are usually referred to as
"teleseismic waves". Those that travel within the Earth’s crust and its outer layers can
be recorded over shorter distances and are therefore called "regional waves". The
geological structures modify the seismic signals produced by explosions and may
complicate the process of detection. An even greater difficulty faced by seismologists
is the ambient background of seismic "noise" - the vibrations in the earth resulting
from winds, sea waves, industrial activity and even rush-hour traffic - from which the
events of nuclear explosions and earthquakes must be picked out. .

Nevertheless, with a network of properly distributed seismic stations equipped
with sensitive instruments, earthquakes and explosions can be distinguished from other
disturbances with a high degree of certainty. For example, in 1985, the seismic array
in Norway, which consists of a large number of seismographs arranged in a special
geometrical pattern, detected a 0.25 kiloton explosion conducted 3,800 km away in
Eastern Kazakhstan.” High-quality seismic stations deployed within the testing
countries could even further improve these capabilities. Detection would not constitute
a problem in monitoring either a CTB or a VLTTB.

Identification

It is more difficult to determine whether a seismic signal was caused by a nuclear
explosion. Natural earthquakes, many thcusands of which are recorded each year, and
chemical explosions, carried out in mines and quarries as well as at construction sites,
generate seismic signals that may resemble those produced by underground nuclear

¢ The way in which a seismometer works can be described as follows: a heavy mass is freely supported by
a spring from a frame fixed to the Earth. When an earthquake or explosion occurs, the frame is shaken in
response 1o the motion of the seismic waves traveling through the Earth. Although the the frame is displaced
by the ground motion, the heavy mass remains stationary because of inertia. The displacement of the grounded
frame relative to the stauonary mass is a measure of the ground motion. This movement is then electronically
magnified.

7 R.W. Alewire III, "Seismic Sensing of Soviet Tests", Defense 85, Dec. 1985, pp. 11-21.
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detonations. The threshold for identification is therefore always higher than the
threshold for detection.

The simplest way to differentiate an earthquake from a nuclear explosion is to
establish the depth of the underground event as well as the epicentre, that is, the area
on the surface of the earth directly above the focus of the event. A seismic event can
be unmistakably classified as an earthquake when it occurs at a depth exceeding the
depth of any hole ever drilled by man (over 10 kilometres). A nuclear explosion can
also be ruled out, if a seismic event occurs far out at sea but no drilling operations
have been observed and no acoustic signals, which characterize an explosion, have
been detected, On land, a seismic event occurring in an area with no evidence of
human activity, or at a place which is obviously not suitable for nuclear testing, such
as a population centre, must be assumed to be an earthquake. About 90 % of the
world’s earthquakes can be recognized by using the above indications.?

For the remaining events, those which cannot be identified by depth or location,
other methods of discrimination are used; they are based on the physical characteristics
of earthquakes and explosions. Seismically, an underground nuclear explosion is seen
as a highly concentrated source of waves sent out instantly from one point with
approximately the same strength in all directions; this is so because of the uniform
pressure applied to the walls of the cavity created by the detonation. An earthquake,
which occurs when two blocs of the Earth’s crust slip past each other along a
geological fault, generates waves over a much wider area - from all parts of the fault
that rupture. The differences between these two types of waves, as reflected in seismic
signals, permit to differentiate the sources of underground events. Identification
becomes progressively more difficult for smaller events, because the quality of the
signals generated by such events is lower, and because the number of earthquakes that
- can be confused with nuclear explosions rapidly increases when one considers events
of decreasing size.

At low yields, nuclear explosions must be distinguished not only from earthquakes
but also from other man-made explosions. The problem is that industrial explosions
produce seismic signals which have physical characteristics similar to those of nuclear
explosions. However, industrial explosions that are large enough to be confused with
nuclear detonations are very rare. Moreover, in order to minimize ground vibration and
to fracture rock more efficiently, these explosions are often conducted with bursts
spaced over the duration of about a second. Such ripple-firing is apparent in the
observed seismic signals and may facilitate identification. The use of high frequency
seismic data may, in the opinion of some seismologists, further improve the capability
not only to detect but also to identify low-yield nuclear explosions.” Nevertheless, with
the existing seismological means, very small chemical explosions, those with yields
considerably lower than one kiloton, cannot be identified as such. This circumstance

¥ Verification of a Global Comprehensive Test Ban, VERTIC, London, January 1991,

? J. F. Evernden, C. B. Archambeau, and E. Cranswick, "An Evaluation of Seismic Decoupling and
Underground Nuclear Test Monitoring Using High-Frequency Seismic Data" in Reviews of Geophysics, Vol. 24,
May 1986, pp. 143-215.
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may leave a loophole in a CTB. For a VLTTB, however, this would be of lesser
consequence, because the yield threshold that might be agreed under such a ban would
probably not be set that low.

Evasion

The effectiveness of a test ban monitoring system can be degraded through
deliberately engineered measures, usually referred to as evasive measures. Several
evasion scenarios have been contemplated. _

It is known that the amplitude of the seismic waves generated by an underground
nuclear explosion could be dampened and the seismic signals muffled, if the nuclear
device were detonated in dry alluvium.' The geological formations which are suitable
for such a technique are not widespread; their locations may be known and placed
under special supervision.!! However, formations in rock with significant gas-filled
porosity - which are common may pose a problem, in particular, in the verification
of yield limitations."

In a so-called multiple-explosion scenario, deception would be practised by firing
a sequence of nuclear explosions with increasing yields in order to produce
earthquake-like signals. However, in the opinion of some experts, the release of nuclear
energy through this technique could not be confused with an earthquake. If suspicions
were aroused, examination of seismic signals would reveal the origin of the events.”

A potential violator of a test ban could attempt to mask the signal from a nuclear
explosion in the coda (tail) of a large earthquake signal. The difficulty to operate such
a hide-in-the-earthquake technique would be substantial: the test would have to be held
in constant readiness, probably for a lengthy period of time, awaiting an earthquake
which would have a magnitude exceeding a certain limit, and which would occur
sufficiently close to the test site. Even then, the fact that explosions generate more
high-frequency energy than earthquakes might help expose the fraud. ~

It has been argued by some people that nuclear tests could be carried out secretly
‘in deep space or behind the sun. The realization of such an exotic project would entail
launching to the clandestine location one or more space vehicles that would carry the
device to be exploded as well as the instrumentation needed to record the test and to
transmit the data back to Earth. It would, of course, be impossible to detect such an
event by seismic means; most probably, the use of monitoring satellites equipped with
special detectors would be needed. However, the complex technical problems that
would have to be overcome, the considerable costs involved, and the risk that the data

' L. A. Glenn, "Verification Limits for a Test Ban Treaty" in Nature, Vol. 310 (1984), pp. 359-62.

"' Certain studies have suggested that there are no such formations in the Soviet Union: L. R. Sykes,
"Verification of nuclear test ban treaties”, Testimony before the Committee on Foreign Affairs, Subcommittee
on Arms Control, International Security, and Science, US House of Representatives (8 may 1985).

2 Oral communication by D. R. Westervelt, Los Alamos National Laboratory, Los Alamos, USA.

P J. K. Leggett, "Techniques to Evade Detection of Nuclear Tests" (Chapter X) in J. Goldblat and D. Cox
(cds.), Nuclear Weapon Tests: Prohibition or Limitation? (SIPRI, CIIPS, Oxford University Press, 1988.)
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from the secret test might be intercepted by another power, would exceed the military
value of the operation, and would make such an evasion highly improbable.**

The most likely way of eluding verification is by conducting a nuclear explosion
in an underground cavity, preferably in a salt deposit. The explosive energy would then
be "decoupled" from, that is, less well transferred to, its geological surroundings, and
the seismic signals produced by the explosion would be muffled.”

To decouple a nuclear explosion, a stable cavity of suitable size and shape may
be needed.’® These conditions would be difficult to obtain, but they may exist in
nature. The extrapolations so far made in the United States to determine the
effectiveness of the decoupling technique have been based on data from chemical
explosions with yields thousands of times less than that of a typical nuclear test, and
only from one, very small (a few hundred tons) nuclear explosion.'” In the event of
a sizable nuclear explosion being decoupled, the reduced seismic signal may still be
identifiable as a clandestine nuclear test. Should the cavity collapse, it could vent into
the atmosphere radioactive substances open to detection by radiation monitoring, and/or
cause a surface depression open to detection by photographic monitoring. In most cases
it would be difficult to mask in conventional mining operations the lengthy and
elaborate activities connected with decoupling a nuclear explosion. It might be possible,
~of course, to use the existing large natural cavities or those created by past nuclear
explosions, but their locations are by and large known and could be monitored.
Engineering a secret test explosion above 10 kilotons in a cavern, while guarding
against the risk of detection, would be an extremely demanding, expensive and risky
procedure.

The decoupling technique -could, perhaps be effective for a small nuclear
explosion, up to a few kilotons. Such an explosion might be confused with a small
- earthquake and remain unidentified, especially if the muffled seismic signals could be
attributed to a large chemical explosion simultaneously conducted for some legitimate
peaceful purpose. As mentioned above, seismic means are not sufficient to make a
distinction between nuclear and chemical detonations. This is of importance to both a
CTB and a VLTTB. It will be noted, however, that industrial explosions in the 1 10
kiloton range occur less often than once a year.'®

" J. Horgan, "Underground Nuclear Weapons Testing" in Spectrum, Vol. 23, No. 4 (April 1986).

15 "Decoupling” was introduced into test-ban negotiations as a problem for the verification of compliance
as early as in 1959. G. T. Seaborg, Kennedy, Khruschev, and the Test Ban (University of California Press:
Berkeley, 1981).

16 To "fully decouple” a five-kiloton nuclear blast in salt, so as to reduce its seismic signal to a minimum,
would require a cavity 86 metres across -higher than the Statue of Liberty; G. E. van der Vink, "Verifying a
Comprchensive Test Ban" in Arms Control Today, November 1990,

17 D. Springer, M. Denny, J. Healy and W. Mickey, "The Sterling Experiment: Decoupling of Seismic

Waves by a Shot-Generated Cavity" in Journal of Geophysical Research, Vol. 73, No. 18 (Sep. 1968), pp.
5995-6011.

18 "Seismic Verification of Nuclear Tesung Treaties™, Congress of the United States Office of Technology

Assessment, Washington, DC: US Government Printing Office (May 1988), p. 13.
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Many scientists claim that with the existing means reliable identification of
fully-coupled nuclear explosions can now be obtained down to one kiloton of explosive
yield. Others, less numerous, mention a figure as high as several tens of kilotons as the
lowest verifiable yield. In between, some authoritative seismologists have concluded
that the present level of seismic knowledge and the presumed effectiveness of cavity
decoupling allow for near-certain detection of nuclear explosions w1th a yield in the
5-10 kiloton range."

A CTB or a VLTTB, would have to include a formal undertaking by the parties
not to complicate the detection of nuclear explosions or the assessment of their yields
by interfering with each other’s national technical means of verification.

Global Seismic Monitoring System

There is general consensus that the capability to detect and identify seismic events
would be considerably improved if an international monitoring system were deployed.
Such a system has been proposed by the Ad Hoc Group of Scientific Experts (GSE)
set up within the framework of the Conference on Disarmament (CD) "to consider
international co-operative measures to detect and identify seismic events". The system
would consist of the following major components: a global network of modern
seismograph stations; modern telecommunications channels. for the exchange of
recorded seismic data; and an international centre to collect and analyse these data and
to distribute the results of the analyses. The data exchange would cover both level 1
and level II data. Level I data are basic parameters derived by the operators of each
seismic station from the recordings of the detected events, whereas level II data - more
voluminous - are waveform data, that is, the original recordings. National data centres
(NDC) would be responsible for providing seismic data from the stations to the
international data centre (IDC). The methods and procedures, which have been
developed by the GSE, for transmitting data from stations to an IDC, for processing
them there, and for transmitting the results back to the participants, have been
successfully tested.

In its draft treaty banning "any nuclear weapon test explosion in any
environment", of 1983%, as well as in its draft CTB treaty of 1991, mentioned above,
Sweden proposed that the basic equipment of seismological stations, the ways these
stations should be operated, calibrated and maintained, the procedures for reporting
seismological data (including the reporting format and the timie schedule) on a regular
basis, as well as the procedures for making requests for additional data from designated
stations, and for responding to such requests, should be specified in an "operational
manual”. It also suggested that technical assistance in- establishing, operating and
maintaining new high-quality seismic statlons be provided in those regions of the world
where there are no such stations.

¥ Nuclear Testing Issues, Hearings before the Committee on Foreign Relations, United States Senate, 99th
Congress, 2nd session, May 8, June 19 and 26, 1986 (Government Printing Office: Washington, DC, 1986);
Conference on Disarmament document CD/610/Corr.1.

® Conference on Disarmament document CD/381.




22 Verification of Disarmament or Limitation of Armaments

According to the GSE, a global seismic network would have to include at least
50 "primary" stations located in such a way as to ensure adequate world-wide
coverage, preferably at sites where the background noise level is low. The stations
would have to be able to record high-quality waveform data from seismic events at all
distances. More array stations would not only help improve the detection capability but
would also provide better location data for the detected events. Networks of
"secondary” stations drawn from national earthquake-monitoring networks could
increase the capability to detect lower-magnitude seismic events on the territories of
the participating states.

At the January 1991 Conference, which was convened to amend the PTBT, a
group of countries - Indonesia, Mexico, Peru, Sri Lanka, Venezuela and Yugoslavia -
proposed that the global seismic monitoring network should have at least the
capability to detect, locate and identify a tamped underground explosion® of 0.5
kiloton or more anywhere in the world and of 0.005 kiloton within the limits of
national jurisdiction of any State "which has conducted more than one nuclear
explosion”.” This would mean that India, which has exploded a nuclear device only
once (in 1974), as well as other nuclear threshold states, which possess the wherewithal
to manufacture a nuclear bomb, but may have not yet done so, would be subject to less
stringent monitoring than the existing nuclear weapon powers. Such an approach could
not contribute to the tightening of the nuclear non-proliferation regime, which a CTB
is expected to bring about.

A detailed scheme of a global seismic network was suggested at the PTBT
Amendment Conference. One hundred and six non-nuclear weapon States parties to the
PTBT would be monitored by one current, "off-the-shelf” high-technology seismic
station, each. The remaining non-nuclear weapon States would require more than one
station each, because of their size and the type of their geophysical terrain:
Argentina-2, Australia-3, Brazil-4, Canada-4, India-2, Indonesia-2, Iran-2, Mexico-2.
On the territories of the nuclear weapon States parties to the PTBT, higher quality,
state-of-the-art stations would have to be installed: 38 in the Soviet Union, 20 in the
United States, 1 (or perhaps one or two more) in the United Kingdom. (China and
France have not signed the PTBT.) Thirty-three stations of the same quality would
have to be placed in international territory, primarily to monitor ocean areas. Thus,
approximately 219 stations would be needed; their total cost has been estimated at ca.
150 million US dollars.”® In addition to the exchange of seismic data, each party
would be under the obligation to provide detailed information regarding: every nuclear

' An underground explosion is tamped when it is detonated in close proximity to the surrounding rock.

2 Conference on Disarmament document CD/1054.

¥ By comparison, the cost of a single nuclear weapon test explosion, as estimated by the drafters of the
protocol to the PTBT, is 30-100 million US dollars. According to the Defense Monitor (Vol. XX, No. 3, 1991),
the cost of an explosion varies depending on its complexity. Tests that require the use of vertical shafts, such
as weapon-design and weapon-reliability tests, cost about 30 million US dollars each. Weapon-effects tests,
which involve the use of horizontal tunnels and are more complicated, cost some 50-60 million US dollars per
explosion.
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explosion ever conducted by it; natural events occurring, or activities undertaken,
within its territory that might give rise to ambiguity or uncertainty about compliance;
large underground cavities created or discovered; vertical shafts and horizontal tunnels
drilled in excess of certain agreed dimensions; and chemical explosions exceeding a
specified yield. The accuracy of these national data would be subject to corroboration.

In-Country Seismic Stations

High-performance seismic stations specially designated to monitor underground
events within the territories of individual countries would significantly complement the
international seismic system described above. It is known that stations situated closer
to the source of a seismic event register a fuller range of signals and make their
interpretation easier. Additionally, seismic noise poses less of a problem and the
evasion scenarios can be more effectively countered. Multiple nuclear detonations
meant to simulate an earthquake, or a nuclear explosion detonated in the coda of an
earthquake, would be highly unlikely to escape discovery, especially if the in-country
seismic stations were linked to a network of stations situated outside the monitored
countries. Such an arrangement would aiso permit the detection and identification of
decoupled nuclear explosions, as well as the detection of certain chemical explosions
conducted for civil engineering purposes.

It is noteworthy that in the course of their tripartite test-ban talks in the late
1970’s, the Soviet Union, the United Kingdom and the United States agreed that the
verification arrangements would include special, high-quality, so-called national seismic
stations (NSS) on the territories of the three negotiating parties. The stations would be
automatic and tamper-proof, so as not to require foreign personnel on constant
attendance, and would transmit the recorded data continuously and directly outside the
host country. The intention was to place the NSS in areas in which the geological
structure might be considered suitable for conducting clandestine tests. There were,
however, disagreements regarding the instrumentation of the NSS, their number in each
of the negotiating states (the Soviet Union and the United States agreed on having 10
such stations installed in their territories, but the number for the United Kingdom was
not settled), specific locations, procedures for their emplacement and maintenance, as
well as for the transmission of data. It was not clear whether the treaty would be
allowed to enter into force before the NSS became fully operative; at that time the
stations were only at the stage of development. Nor was it known whether data from
the NSS would be generally available or reserved solely for the three nuclear
powers.*

The value of localized monitoring for obtaining supplementary data necessary to
clarify ambiguous situations was recognized by the drafters of the amendment to the -
PTBT. The additional monitoring would be temporary, and the equipment utilized
could be similar to that operated by the global network. Sites for the localized

% 7. Goldblat and R, Ferm, "Nuclear Explosions" (Chapter 11) in SIPRI Yearbook 1981, Taylor & Francis,
London 1981. :
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monitoring stations would have to be seismically quiet and, if possible, provide access
to bed-rock. Data from the temporary stations would be duplicated on the site and a
copy provided to the host country.

Non-Seismic Monitoring

Supplementary verification capabilities can be provided by techniques other than
seismic.

Satellite Imagery

The most important method of non-seismological remote sensing is satellite
photography. Not only military reconnaissance satellites, which have a resolution
capability of a few tens of centimetres, but even civilian satellites, with a resolution
of a few tens of metres, can produce clear pictures of surface craters which may be
caused by underground explosions.® Areas with older crater formations could,
however, present problems of identification. Explosions conducted in hard rock do not
generally produce craters.

Satellite photographic reconnaissance may be also useful in detecting activities
which are usually connected with preparations for a nuclear explosion. In 1977, after
the Soviet and US satellites had observed such preparations in the Kalahari Desert, the
South African Government was compelled to dismantle the suspected installations. In
another instance, in 1979, a US satellite observed in the southern hemisphere a flash,
which could have been produced by a low-yield atmospheric nuclear explosion, but
American experts could not agree on the nature of the event. It is only because it
happened in the vicinity of South Africa, which possessed the capability of producing
weapon-usable nuclear material, but had not yet formally renounced the acquisition of
nuclear weapons, that the South African Government was accused of having conducted
a nuclear test.

Attempts to evade detection of an underground nuclear explosion by using the
decoupling technique could be spotted by satellites, if large amounts of material were
removed to excavate a cavity of the required dimensions. By using infra-red detectors,
it may also be possible to detect underground releases of heat, especially from large
nuclear explosions, because of an increase in surface temperature. Intelligence satellites
may overhear communications related to a clandestine test programme.

Under a comprehensive test-ban treaty proposed by Sweden in 1991, each party
operating an unclassified satellite system which provides images with a coverage and
resolution relevant to the treaty, would undertake to make the image data available on
terms to be agreed. A satellite image processing centre would store such data and
process them at the request of any party.

» The resolving power, or resolution, of an optical system may be defined as the minimum distance between
two identical small objects when they can still be distinguished as two separate objects.
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Radioactivity

Whatever the precautions taken by the testing state, it is impossible to ensure that
the radioactive debris, which is produced by all nuclear explosions, would remain
completely contained under the earth’s surface. The possibility of accidental releases
of radioactive material - and several such occurrences have been reported over the
years®® - would constitute a serious dilemma for the potential evader.

In 1983, and again in 1991, Sweden proposed that an international surveillance
of radionuclides in the atmosphere be established. A system for such surveillance,
designed in the same way as the globai seismological system, would consist of some
50-100 designated sampling stations properly distributed around the world; national or
regional laboratories; a mechanism to exchange the measurements of the samples; and
an international data centre. At each sampling station air would be continuously blown
by a pump through a glass fiber filter. The filters would be regularly and often
replaced and sent for analysis to the laboratories. The international centre would
process the measurements reported through appropriate national authorities, in
accordance with the procedures laid down in a special operational manual. The results
would be rapidly distributed to all participants.?”’

National radiation monitoring networks already exist. Moreover, a- world-wide
network of air and rain sampling stations for monitoring levels of radioactivity in the
atmosphere is operated by the Harwell Laboratory in the United Kingdom. The results
of this monitoring are published annually.”®

Additional non-seismic means of verification might include hydro-acoustic
measurements in the sea. Yet another technique, that of monitoring the disturbances
of the ionosphere, which are caused by the propagation of the sound wave generated
by an underground nuclear explosion, is at the stage of development. Even if both
ground and satellite-based sounding systems were used, it might still be difficult to
identify nuclear explosions among many other sources of ionospheric disturbances.”

On-Site Inspection

A combination of seismic and non-seismic methods to monitor compliance with a test
ban may render it unlikely for a violator to succeed in evading detection. However,
unexplained events may occur, and the state suspecting a breach may wish to
investigate the occurrence by inspecting its site.

% US Congress, Office of Technology Assessment, The Containment of Underground Nuclear Explosions,
OTA-ISC-414 (Washington, DC: US Government Printing Office, October 1989).

Z Conference on Disarmament documents CD/403 and CD/1089.

2 Verification of a Global Comprehensive Test Ban Treaty, VERTIC, London, January 1991.

» A. M. Din, "Means of Nuclear Test Ban Verification Other Than Seismological” (Chapter XI) in J.
Goldblat and D. Cox (eds.), Nuclear Weapon Tests: Prohibition or Limitation? (SIPRI, CIIPS, Oxford University
Press, 1988.)
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Negotiating Record

On-site inspection has been a controversial issue since the early days of the test
ban negotiations. In 1958, experts from East and West, meeting at a conference in
Geneva, agreed on the following formula: "When the control posts detect an event
which cannot be identified by the international control organ, and which could be
suspected of being a nuclear explosion, the international control organ can send an
inspection group to the site of this event in order to determine whether a nuclear
explosion had taken place or not." The formula suggested that an inspection team could
be dispatched to the site of an un-identified event only if the event were suspected of
being a nuclear explosion. However, the experts did not spell out what constituted a
basis for suspicion, except when an event that was not identified as an earthquake had
occurred in an aseismic region. Their report stated that the number of on-site
inspections would depend on the number of un-identified events, but no quantitative
correlation was established.®

The position of the West, as put forward in ine course of the iesi-ban negotiations
in 1958-1961, was that every un-identified seismic event should be regarded as a
potential underground nuclear explosion and that it must therefore be inspected. In

other words, on-site inspection was to be mandatory. The Soviet Union was of the
-view that on-site inspection was to be voluntary, that is, that it should take place only
if there was agreement between the parties.”’ The deadlock seemed to have been
broken when the negotiating parties decided that there should be a guarantied quota of
on-site inspections for each party. However, no agreement could be reached on the
numerical value of the quota. The West insisted that this value should be related to the
average annual number of un-identified events on the territory of a party to the treaty,
whereas the Soviet Union argued that it must be determined by political considerations.
. Different figures were put forward by the negotiators.

The dispute over the number of annual inspections was particularly animated in
the early 1960’s, with the United States eventually proposing seven, and the Soviet
Union - two to three on-site inspections. (The Soviet offer was subsequently withdrawn
on the grounds that no such inspection was necessary.) The controversy symbolized the
opposing views on the very concept of arms control verification and remained
unresolved.’? Even if either of the great powers had at that time accepted the other’s
figure, there would still have been important obstacles to overcome. The procedures
and modalities for carrying out inspections were not even seriously considered,
although they were far more controversial than the numbers.*®

3 “Communiqué and Report of the Conference of Experts to Study the Possibility of Detecting Violations
of a Possible Agreement on the Suspension of Nuclear Tests, August 21, 1958" in Documents on Disarmament
1945-1959 (US Department of State: Washington, DC, 1960), Vol 2. '

3 Geneva Conference on the Discontinuance of Nuclear Weapon Tests, History and Analysis of
Negotiations (US Department of State: Washington, DC, 1961).

32 R. Neild and J. Ruina, "A Comprehensive Ban on Nuclear Testing" in Science, Vol. 175, January 1972,

* For the changing attitudes of the superpowers on the question of on-site inspection, see also J. Goldblat
"Banning Nuclear Tests: Can a CTB Be Achieved?” in The Council For Arris Control Bulletin, No. 49, May
1990.
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In the mid-1960’s Sweden proposed so-called challenge inspections to verify a
comprehensive test ban. If a seismic event occurred on the territory of one country and
appeared suspicious to another country, the latter could request permission to inspect
the region surrounding the event. The suspected country could either accept or reject
the request. If one or several requests were rejected, the suspecting country could
choose to withdraw from the treaty.* The proposal proved unacceptable to either of
the two superpowers.

In the tripartite - UK-US-Soviet - test-ban talks of the late 1970’s, the negotiators
agreed that any party to a multilateral comprehensive treaty that had questions
regarding an event on the territory of any other party could request an on-site
inspection for the purpose of ascertaining whether or not the event was a nuclear
explosion. The requesting party would have to give the reason for the request,
including appropriate evidence. The party receiving the request would have to state
whether or not it was prepared to agree to the inspection. If it was not prepared to
accept the inspection, it would have to provide the reason for non-acceptance.”
Agreement on this formula amounted to the adoption of the principle of voluntary
on-site inspection, because refusal to accept inspection was not to be automatically
qualified as a breach. It was thus a concession on the part of the United States which
must have concluded that also non-mandatory on-site inspection could deter cheating.

The treaty envisaged in the tripartite talks would allow any two or more parties
to take additional measures to facilitate verification. These measures would parallel the
verification provisions of the treaty itself, but would specify in greater detail the
procedures under which on-site inspections would be carried out, list the rights and
functions of the inspectors, and describe the role to be played by the host country
during an inspection. This two-tier verification arrangement was meant, in the first
place, to reinforce confidence between the United States and the Soviet Union that the
obligations they had assumed were being complied with, but it could also be usefully
applied as between other States, especially in areas of international tension and
-mistrust. :

The 1983 Swedish draft treaty provided for on-site inspection to be conducted by
experts made available by the parties. The experts would be selected on the basis of
equitable geographical and political representation. The purpose of the inspection
would be limited to fact-finding, and no assessment of the nature of the inspected event
would be made. The report by the inspection team could present a consensus view, but
if consensus could not be achieved, the report would have to reflect the observations
made by each of the participating experts.

In 1987, a group of Socialist countries drew up "Basic provisions of a treaty on
the complete and general prohibition of nuclear weapon tests"”, in which it insisted on
the right of each party to request on-site inspection in the territory of another party.
The requesting State would have to cite appropriate grounds for the request, whereas

¥ Documents on Disarmament 1966 (US Arms Control and Disarmament Agency: Washington, DC, 1967).
35 Conference on Disarmament document CD/130.
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the requested State would be obligated to grant access to specified locations in order
to clarify ‘whether an event, the status of which was unclear, was related to a nuclear
explosion carried out in circumvention of the provisions of the treaty.*

Also the 1991 draft Protocol of Amendment to the PTBT envisaged the possibility
of on-site inspection at the request of a party, but the Secretariat of the Verification
Organization, to be set up in accordance with this Protocol, could decide not to
undertake the requested inspection and report its negative decision to all parties. It
could also undertake an inspection at its own initiative, whenever data from the global
permanent monitoring network or the temporary localized monitoring indicated the
occurrence of an ambiguous event and suggested that the energy released was over one
kiloton. The probability of inspection would be higher, if the event occurred on the
territory of a State "that has conducted more than one nuclear explosion”. If the
Secretariat decided to carry out an on-site inspection, the host State might appeal the
decision to the Assembly of the parties. The inspection could then proceed while the
Assembly was considering the matter, but if the Assembly concluded by a two-thirds
vote that on-site inspection was not warranted, the inspection would have to be
promptly abandoned. The Secretariat would be empowered to order the host State to
leave all, or only specified, vehicles, buildings, personnel, equipment and other items
-in place in the inspection area, and to refrain from undertaking any other changes in
that area, pending the arrival of the inspection personnel. Before leaving the inspection
area, the inspection team would be under the obligation to complete a written report
summarizing its activities and the collected data. A copy of the report would be
provided to the host State which might append to it a commentary.

According to the 1991 Swedish draft treaty, on-site inspection could be carried
out either upon invitation by a party wishing to facilitate the identification of an event
. observed on its own territory, or upon request by a party wishing to investigate an
event observed on the territory of another party. In the latter case, the requesting State
would have to state the reasons for its request, including the available evidence. The
requested State would be under the obligation to comply with the request, and a factual
report prepared by the inspectors would have to be brought to the attention of all
parties. '

Modalities of Inspection

On-site inspection aimed at identifying a suspected event would be a complex
operation. It would consist of surveys of the area of the presumed nuclear explosion
in order to measure ambient radioactivity and temperature anomalies, and to discover
fresh craters, traces of vehicles, metal artifacts and other signs of activities associated
with a nuclear test or preparations for it. Having identified the site of the sought
underground cavity or rubble-filled chimney - a principal "residue" of a nuclear

¥ Conference on Disarmament document CD/756%.
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underground explosion - the inspection team would have to establish whether or not
an explosion had actually taken place.”

The sponsors of the 1991 draft Protocol of Amendment to the PTBT have
suggested that the host State should transport the inspectcrs to the location of the
inspection within 24 hours after their arrival at the point of entry, provide them with
immediate and uninhibited access to the entire inspection area, and give them all the
necessary logistic support. Inspectors should use their own equipment which may,
however, be examined by the host country at the start of the inspection. The inspectors
should be entitled to take photographs, collect samples of air, soil, water, flora and
fauna, survey the area via helicopter, fixed-wing aircraft and terrestrial vehicles, as well
as dig holes. They must have the right to bring their own communications equipment
or rely upon that provided by the host State. The latter may designate personnel to
accompany the inspectors during the performance of their duties. Inspections could be
open to public and journalistic observation.

The 1991 Swedish draft treaty stipulates that the inspection team should begin its
duties in the specified area not later than seven days after the receipt of a request for
inspection. An inspection may last no more than seven days following the arrival of
the inspection personnel at the point of entry in the territory of the State to be
inspected. Inspectors must be sclected on the basis of their compeience, and the
inspection team must not include a national of the party requesting the inspection.
Without prejudice to the privileges and immunities, which they should be granted in
accordance with the 1961 Vienna Convention on Diplomatic Relations, the inspecting
personnel would be obligated to respect the laws and regulations of the State in the
territory of which the inspection was conducted, in so far as such laws and regulations
did not impede the exercise of the inspectors’ rights provided for by the treaty.
Detailed rules and procedures for on-site inspection would be laid down in an
operational manual.

Effectiveness

Although the right to on-site inspection has played an important role in the
test-ban negotiations, inspection does not seem to be a particularly useful means of
checking compliance with a CTB. A small and well-hidden nuclear explosion might
leave no surface evidence, whereas visually detectable indications of a breach would
best be detected by saiciiite photo-reconnaissance. The determination of the precise

-location of the suspicious event is crucial, because the relevant data can be found only

in the immediate vicinity of the event, and the only way to prove that an underground
nuclear explosion had been conducted would be to drill a hole and find radioactive

samples. However, the geographical area to be covered by a search for evidence of
violation may well be very extensive. The 1983 and the 1991 Swedish drafts suggest

*" For a detailed description of the techniques for on-site inspection, see W. Heckrotte, "On-Site Inspection
to Check Compliance” (Chapter XII) in J Goldblat and D: Cox (eds.), Nuclear Weapon Tests: Prohibition or
Limitation? (SIPRI, CIIPS, Oxford University Press, 1988).
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that the area subject to inspection upon request must be continuous and not exceed
1000 square kilometres or a length of 50 kilometres in any direction.

For reasons of expense, time and effort involved, it would be impractical to have
more than very few on-site inspections per year, whereas the number of un-identified
events may be large. Moreover, in most cases, the evidence of a test ban violation
collected during an on-site inspection would, in all probability, be no better than
circumstantial. The principal burden for identifying un-explained events would lie with
the seismic monitoring system.

On the other hand, on-site observation by foreign personnel of notified large-size
chemical explosions for indusirial purposes wouid be usefui, and perhaps even
indispensable, to avoid suspicions of breaches. The 1991 Swedish draft treaty requires
a notification of any non-nuclear explosion with a yield exceeding 100 tons TNT
equivalent, or of a group of explosions with an aggregate yield exceeding the same
limit, The notification, to be given 60 days prior to such an event, should specify the
time, location, purpose and yield of the explosion, and include a description of the
event. Both the preparations for the explosion as well as the actual detonation would
be monitored on the spot. The monitoring personnel should be allowed to take pictures
and to make measurements of radioactivity in the vicinity of the explosion. It should
be entitled to the same privileges and immunities as the personnel conducting on-site
investigations of suspicious events. Non-nuclear explosions with a yield between 10
and 100 tons TNT equivalent would be subject only to notification to be given within
seven days after the explosion.

Deterrence

- An actual violator would probably not run the risk of discovery of his clandestine
test by permitting on-site inspection. However, he may fear the consequences of his
refusal, which could be politically costly. He may therefore be deterred from
undertaking an illicit act by the mere "threat" of inspection.

Whatever the nature of the inspection - whether voluntary or mandatory -
co-operation between the parties would be essential in resolving doubts regarding
compliance. The inspection ‘team must, of course, be scientifically and technically
self-sufficient, but it would unavoidably be dependent on the inspected party for
transportation to the site, housing, subsistence or communications. Lack of co-cperation
on the part of the alleged violator may not necessarily amount to an admission of guilt,
but an outright rejection of a request to investigate a suspicious event, whatever the
justification, would exacerbate the suspicion and might warrant political action.

Yield Estimation

There exist three main techniques for measuring the yield of nuclear explosions:
radio-chemical, hydro-dynamic and seismic.
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Radio-Chemical

This technique is based on the analysis of the nuclear by-products of the
explosion. Since it requires data about the weapon design that could reveal sensitive
information concerning the characteristics of the weapon, it is deemed to be
excessively intrusive for an international treaty.

Hydro-Dynamic .

This technique, the US version of which is called CORRTEX (continuous
reflectometry for radius versus time experiments), is used to measure the explosive
yield at the site of the explosion. An underground nuclear explosion produces a shock
wave that propagates radially outwards. Cables placed in the emplacement hole
containing the nuclear device, or in one or more separately drilled "satellite” holes
adjacent to the emplacement hole, are crushed by over-pressure and shortened as the
shock wave expands. (The shock wave causes the surrounding rock to behave like a
fluid - hence the term "hydro-dynamic".) A measuring instrument connected to the
cable registers the rate at which the cable is shori-circuiied during the milliseconds it
takes for the wave to reach the surface. The larger the explosion, the faster the wave
travels, and an analysis of the wave expansion allows an estimation of the yield.*®

The use of the hydro-dynamic measurement technique is envisaged in the 1990
Protocol to the TTBT to check compliance with the 150 kiloton-yield threshold. Under
this Protocol, the verifying party may ask for a "reference" test when the verified party
conducts a test having a "non-standard" vertical or horizontal configuration, that is,
when the emplacement hole has a non-standard dimension and does not satisfy certain
other conditions specified in the Protocol. The reference test is a particular test of
standard configuration, with respect to which the hydro-dynamic measurement is used
for the purpose of establishing a basis of comparison for the seismic measurement of
that test and of the planned test of non-standard configuration. The CORRTEX
technique is very costly.® It is also known to be effective mainly when applied to
large explosions.

Seismic

For the reasons explained above, a VLTTB would have to rely mainly on seismic
measurements. To establish a correlation between the yields of explosions at specific
test sites and the seismic signals produced, the parties would have to know the exact
location of the site and its geology. An extensive exchange of information would
therefore be required, and on-site visits might be needed to confirm the correctness of
the transmitted data. Foreign personnel visiting the test site could also look at the
conditions of the nuclear charge emplacement to ensure that techniques to muffle
seismic signals from nuclear explosions were not being resorted to. "Calibration”

3 US Department of Energy, Nevada Operations Office, CORRTEX (Los Alamos National Laboratory: Los
Alamos, N. Mex., April 1986.) .

¥ See US Costs of Verification and Compliance under Pending Arms Treaties, The Congress of the United
States, Congressional Budget Office, Washington, D. C., 1990.
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explosions could establish a direct seismic magnitude-explosive yield relation for the
estimation of the size of future tests, especially if each side were allowed to detonate
its own nuclear charge at the other side’s site, and if the yield of the charge were close
to the agreed threshold. :

The most important role in the measuring of yields of tests allowed under a
VLTTB would have to be allotted to in-country seismic stations. Each nuclear weapon
party would have to have the right to determine the conditions and technical
requirements for the installation and operation of its seismic equipment at the
designated seismic stations on the territory of another nuclear weapon party. The
personnel of the verifying party could be present at the stations to carry out the
measurements, while the testing party would be under the obligation to provide
logistical support.*

Institutions

Swedish Proposal of 1983

In its draft treaty of 1983, Sweden proposed that a consultative committee be
established to oversee the functioning of the treaty, including its verification
arrangements. The committee would also serve as a forum to discuss and resolve
disputes between the parties. It would be chaired by the depositary of the treaty, and
each party would have the right to be its member. It would meet once a year, or more
often, if an extraordinary meeting were requested by a party, and would work on the
basis of consensus in reviewing the over-all operation of the treaty and its verification,
as well as in making changes in the equipment and technical procedures used to verify
compliance. Decisions on the annual budget of the secretariat and on the election of
the director and the deputy director of the secretariat would be taken by a majority of
the members present and voting.

The consultative committee would establish a technical expert group as a
subsidiary body open to governmental experts from all parties. The group’s duty would
be to evaluate the technical performance of the international verification measures,
including the techniques and procedures for on-site inspections, propose changes in the
verification equipment and procedures, and undertake technical studies at the request
of the consultative committee. In making its decisions, the group would try to achieve
consensus. In case consensus could not be achieved, the group would report to the
consultative committee the views of all the participating experts.

A permanent secretariat would support the work of the consultative committee and
of the technical expert group. In particular, it would organize and conduct international
on-site inspections and report the results to the consultative committee. Lists of experts
available for conducting on-site inspections and of the equipment necessary for such

" For a detailed discussion of the explosive yield estimation, see C. B., Archambeau, "Verification of a
Very-Low-Yield Nuclear Test Ban" (Chapter XIV) in J. Goldblat and D. Cox (eds.), Nuclear Weapon Tests:
Prohibition or Limitation? (SIPRI, CIIPS, Oxford University Press, 1988).
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inspections would be maintained by the secretariat in co-operation with the parties to
the treaty. The cost would be borne by the parties in accordance with the UN
assessment scale, calculated so as to take account of the difference between UN
membership and the number of parties to the treaty.

Non-Aligned Countries’ Proposal of 1991

In their draft Protocol of Amendment to the PTBT, a group of non-aligned states
proposed the establishment of an organization for the purpose of assisting in the
verification of compliance with a CTB treaty. The principal organs of the organization
would be the assembly and the secretariat.

The assembly, to be composed of all parties, would meet at least once a year, and
whenever so requested by the secretary-general or by one-tenth of its membership. It
would approve or modify the budget of the organization, establish the policies and
practices of the organization, elect the secretary-general and create a technical
committee. All decisions of the assembly would be taken by a majority of those voting,
unless the assembly adopted a different standard by a majority of two-thirds.

The technical committee, to which each member of the assembly would have the
right to designate a representative, would meet at least four times a year to review the
technical operations of the secretariat, assess the secretariat’s reports and make
recommendations regarding possible revisions of the verification measures with a view
to enhancing their effectiveness or reducing their cost. The committee would be
organized into sub-committees, each of which would be responsible for one branch of
the verification technology. The committee’s recommendations would be submitted to
the assembly which might approve, modify or reject them.

The secretariat would compile and maintain data gathered and received by the
organization, and would submit an annual report to the assembly as well as periodic
reports to the technical committee. It would set up sections responsible for the
implementation of verification measures pertinent to the prohibition of nuclear
explosions in various envirenments: in the atmosphere; in outer space; under water; and
under ground. Each section would develop working descriptions of the phenomena
which are observable by global monitoring networks, localized monitoring, on-site
inspections or other means, and which are associated with nuclear explosions in each
of the above specified environments, as well as working descriptions of the phenomena
which are associated with natural and legitimate events or activities that might create
ambiguity or uncertainty regarding treaty compliance. Each party would designate a
competent national body to serve as liaison with the secretariat. The costs of the
international organization would be borne by the parties, and the ratio of their
contributions would be the same as that established by the annual assessment of UN
dues, unless the assembly adopted a different schedule by a majority of two-thirds.

Swedish Proposal of 1991 _ :
In its draft treaty of 1991, Sweden proposed the establishment of an organization
responsible for ensuring the implementation of the treaty. Following the example set
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by the draft chemical weapons convention under discussion, the organization would
consist of a conference of the parties, an executive council and a technical secretariat.

The conference - the principal organ of the organization - would oversee
compliance with the treaty provisions. It would meet once a year, and its decisions
would be taken by a simple majority on questions of procedure and by consensus on
matters of substance. Should consensus prove impossible to achieve, decisions of the
conference would be taken by a two-thirds majority of those present and voting.

The executive council would be composed of 25 parties elected by the conference
for a period of two years in accordance with the principle of equitable political and
geographical representation. Its task would be to facilitate consultations among the
parties and to help resolve issues related to the treaty, in particular to its verification.
The council would meet annually, or more often if necessary, and its decisions (on
questions to be specified) would be taken by a simple majority. An advisory board of
international experts would provide scientific expertise on verification measures, and
would assist the executive council in assessing the value of new methods which may
be suggested for verification of compliance.

The technical secretariat would be headed by a director-general appointed by the
executive council for a four-year term. It would co-ordinate the arrangements for the
-exchange of data as well as the operations of the global seismological network and the
network for global surveillance of radionuclides in the atmosphere; assist parties in
using satellite observations to clarify dubious events; and compile, analyse and report
on hydro-acoustic signals in the ocean and other data that may facilitate verification.
It would also compile any supplementary information that a party may provide to help
interpret a suspicious event which had occurred on its own territory. Such information
could include observations from sensitive in-country seismological networks. Moreover,
. to ascertain the nature of a seismic event, the technical secretariat could conduct on-site
inspections on invitation or on request. In addition, it would monitor non-nuclear
explosions of an agreed size, and its co-operation with the national authorities of the
parties is envisaged to resolve the uncertainties that may arise.

Broadly speaking, the institutional arrangements for a multilateral CTB, as
proposed above, are patterned after the existing international institutions. However,
controversies may be expected. One of them regards the composition of the central
management authority, such as the executive council. Quite naturally, each country
would defend those formulas which could make its participation in the management
authority possible, and there would certainly be an opposition to the idea - favoured
by some - of establishing two classes of membership - permanent and non-permanent.
Another controversy may develop over the voting procedures in the multilateral treaty
organization. The choice is between decisions taken by a majority - simple or qualified
- and decisions taken unanimously or by consensus. The latter procedure is desirable
to the extent that it may guarantee general observance of the adopted resolutions, but
its rigid application would be tantamount to introducing the right of veto which could
paralyse the operation of the organization.
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It should be noted that a VLTTB may require a different organization, because
it would be applicable only to the nuclear weapon States. Indeed, under the 1968
Non-Proliferation Treaty, most non-nuclear weapon countries have renounced the
possession of nuclear weapons and, consequently, also the testing of nuclear
explosives. The VLTTB organization could be similar to the joint bodies set up to
implement the US-Soviet nuclear arms control treaties.*!

Non-Compliance

The 1991 Swedish draft treaty imposes on the parties an obligation to adopt legislative
and administrative measures necessary to implement the treaty. The 1972 Biological
Weapons Convention contains a similar clause, but during the 16 years since its entry
into force only a small number of parties have taken the required measures. There is
no penalty for the non-fulfilment of this obligation.

According to the same Swedish draft, failure to co-operate in good faith in the
process of verification may become the subject of consideration in the executive
council and at the conference of the parties. The latter organ could act to remedy the
situation, but the kind of action which it would be entitled to take has not been
defined. The threat thai a pariy refusing to reform itself wouid see its treaty rights and
privileges suspended cannot carry a veritable dissuasive force, because the threat would
apply mainly to participation in the activities of the verification organization.

Recourse to UN Security Council, as suggested in the Swedish draft, would not
necessarily solve the problem of enforcement. The Security Council has no statutory
duty to oversee compliance with arms control treaties, unless there is a threat to
international peace and security. This may not be the case with each and every
complaint of non-compliance with a test-ban treaty. The Council may, upon request